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PffiZOELECTRIC OSCILLATOR, MANUFACTURING METHOD THEREOF, 
AND ELECTRONIC DEVICE 

BACKGROUND OF THE INVENTION 

L . Field of Invention 

[0001] The present invention relates to a piezoelectric oscillator, a manufacturing 
method thereof, and an electronic device. 
2. Description of Related Art 

[0002] Piezoelectric oscillators are widely used to obtain constant frequency signals 
in electric circuits. Japanese Examined Utility Model Registration Application Publication 
No. 5-16724 describes a related art piezoelectric oscillator 501 shov/n in Fig. 9. Note that 
Fig. 9(A) is a plan view partway through manufacturing, and Fig. 9(B) is a side cross- 
sectional diagram at a portion equivalent to the plane H-H in Fig. 9(A). With the 
piezoelectric oscillator 501 shown in Fig. 9(B), a piezoelectric resonator 510 is mounted on 
the lower face of a lead frame 530, an integrated circuit device (IC) 560 is mounted on the 
upper face of the lead frame 530, and a resin package 570 is formed so as to seal the entirety 
with resin. Note that the cylinder-type piezoelectric resonator 510 shown in Fig. 9 is formed 
by sealing a piezoelectric resonator element, wherein an excitation electrode has been formed 
on a piezoelectric plate, within a metal cylinder, and extracting an external lead 524, for 
conducting between the excitation electrode and the extemal lead 524, from the cylinder. On 
the other hand, the IC 560 forms an oscillating circuit. 

[0003] Fig. 9(A) illustrates the state immediately before forming the resin 
package 570. A die pad 552 is disposed at the center of the lead frame 530, with the IC 560 
mounted thereupon. Also, mounting leads 542 for mounting the piezoelectric oscillator 501 
are disposed on the four sides of the die pad 552, with each being electrically connected to the 
IC 560 by wire bonding. The outer portions of the mounting leads 542 are bent downwards 
after formation of the resin package 570, thereby forming mounting terminals. Further, 
connection leads 532 for connecting the piezoelectric resonator 510 and the IC 560 are 
formed at the intermediate portion of the mounting leads 542 in the vertical direction in 
Fig. 9(A). Extemal leads 524 of the piezoelectric resonator 510 are connected to the lower 
face of the connection leads 532, and the upper face of the connection leads 532 are 
connected to the IC 560 by wire bonding. Thus, the piezoelectric resonator 510 and the 
IC 560 are electrically connected. The same configuration is illustrated in Japanese Patent 
No. 2621828 as well. 



[0004] Piezoelectric oscillators are used in communication devices, such as cellular 
telephones and the like, but demands for reduction in the size of cellular telephones and the 
like are intensifying. Accordingly, there is strong demand for reduction in size and thickness 
of piezoelectric oscillators, as well. As of recent, package-type (plane-mounted) piezoelectric 
resonators have been developed, wherein a piezoelectric resonator element is sealed within a 
package, and external electrodes for conducting between excitation electrodes of the 
piezoelectric resonator element and external electrodes are formed on the rear face of the 
package. The reason that package-type piezoelectric resonators have been developed to 
replace the cylinder-type piezoelectric resonator 510 shown in Fig. 9 is in response to the 
demand for reduction in size and thickness of piezoelectric oscillators. 

[0005] Along with reduction in size of piezoelectric oscillators, the mounting 
terminals and the like for joining to mounting boards are also reduced in size. Accordingly, 
the smaller the piezoelectric oscillators become, the smaller the area of contact between the 
mounting terminals and the mounting board becomes, reducing the joining strength. 
Accordingly, in the event that the piezoelectric oscillator is mounted in a portable electronic 
device such as a cellular telephone or the like, there is an increased probability that dropping 
the device may result in the piezoelectric oscillator coming loose at the portion of contact 
with the mounting board due to the great shock. This also holds true for the joining portion 
between the resin making up the resin package, and the terminals of the lead frame. 
Accordingly, the smaller piezoelectric oscillators become, the greater the importance is to 
enhance the strength of joining as to the mounting board and the resin making up the resin 
package. 

[0006] However, with the above-described piezoelectric oscillator, there is the 
problem that the planar size increases, since the connection leads need to be disposed at the 
intermediate portion of the mounting leads. Consequently, there is a limit to reduction in the 
size of the piezoelectric oscillator. Accordingly, the present invention reduces the size by 
reducing the planar size. Also, the present invention enhances joining strength. Further, the 
present invention enhances mounting strength. 

SUMMARY OF THE INVENTION 

[0007] In order to achieve the above, the piezoelectric oscillator according to an 
aspect of the present invention is a piezoelectric oscillator having a plurality of leads formed 
of one or more lead frames, terminals, which are formed on the plurality of leads and 
distanced one from another, are arrayed in multiple tiers in the vertical direction of a package. 
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Due to an aspect of the present invention being configured thus, the terminals do not need to 
be arrayed in planar fashion since the terminals are arrayed in multiple tiers in the vertical 
direction of the package. This enables the planar size to be reduced, and the size thereof to be 
reduced. 

[0008] Also, with the piezoelectric oscillator including as the terminals at least 
connection terminals to connect with a piezoelectric resonator and mounting terminals to 
mount to a mounting board, the piezoelectric resonator formed by sealing a piezoelectric 
resonator element within a resonator package is moxmted on the connection terminals, an IC 
forming an oscillating circuit being moimted on the lead firame, and the lead fi-ame and the 
piezoelectric resonator being sealed within the package, such that the principal surface of the 
mounting terminals are exposed outwards, thereby forming a resin package. Li this case, 
good-quality piezoelectric resonators and good-quality ICs can be combined to form the 
piezoelectric oscillator, by adjusting the frequency of the piezoelectric resonator and checking 
the operation of the IC, before mounting the piezoelectric resonator on the lead frame. This 
reduces or prevents wasting good ICs, thereby enhancing the yield of ICs, and reducing 
manufacturing costs. 

[0009] Further, the configuration has the entirety of the lead frame and the 
piezoelectric resonator sealed with resin, so even in the event that the combination of the 
piezoelectric resonator and IC type changes, the same resin molding mold can be used. 
Accordingly, small lots of a great number of types can be handled. Also, the entirety of the 
lead frame and the piezoelectric resonator can be insulated, also reducing or preventing 
intrusion of foreign matter and moisture. Accordingly, electric and chemical failure can be 
reduced or prevented. 

[0010] Also with an aspect of the present invention, with regard to a layered lead 
frame including two lead frames, connection leads to connect with a piezoelectric resonator 
were formed on one of the lead frames on one side, the connection leads were erected to the 
one side so as to form connection terminals while mounting leads to mount to a mounting 
board were formed on the other of the lead frames on the other side, the mounting leads were 
erected to the other side so as to form mounting terminals, an IC forming an oscillating circuit 
was mounted on the layered lead frame, the piezoelectric resonator formed by sealing a 
piezoelectric resonator element within a package is mounted on the layered lead frame, and 
the layered lead frame and the piezoelectric resonator were sealed within a resin package 
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while the principal surface of the mounting terminals were exposed outwards, thereby 
yielding a completed article. 

[0011] In this case, the connection terminals and mounting terminals can be 
disposed in a layered manner, and these do not need to be disposed side by side. Accordingly, 
the planar size of the piezoelectric oscillator can be reduced. Li this case, good-quality 
piezoelectric resonators and good-quality ICs can be combined to form the piezoelectric 
oscillator, by adjusting the frequency of the piezoelectric resonator and checking the 
operation of the IC before mounting the piezoelectric resonator on the layered lead frame. 
This reduces or prevents wasting good ICs, thereby enhancing the yield of ICs, and reducing 
the manufacturing costs. 

[0012] Further, the configuration has the entirety of the layered lead frame and the 
piezoelectric resonator sealed with resin, so even in the event that the combination of the 
piezoelectric resonator and IC type changes, the same resin molding mold can be used. 
Accordingly, small lots of a great number of types can be handled. Also, the entirety of the 
layered lead frame and the piezoelectric resonator can be insulated, also reducing or 
preventing intrusion of foreign matter and moisture. Accordingly, electric and chemical 
failure can be reduced or prevented. 

[0013] Also, an aspect of the present invention includes: a layered lead frame 
configured of a lead frame on one side where connection leads are formed, and a lead frame 
on the other side where mounting leads are formed, being layered; an IC configuring an 
oscillating circuit and mounted on the layered lead frame; a piezoelectric resonator mounted 
to connection terminals provided on the connection leads with a piezoelectric resonator 
element being sealed within a resonator package; and a resin package, the layered lead frame 
and the piezoelectric resonator being sealed therein with the principal surface of mounting 
terminals provided on the mounting leads exposed; one of the connection leads and the 
mounting leads being bent in the direction opposite to the plane of layering. 

[0014] The aspect of the present invention arranged thus yields the same advantages 
as described above, and also the height-wise dimensions can be reduced since the layered lead 
frame is formed bending only one lead frame, whereby the thickness of the piezoelectric 
oscillator can be reduced further. Also, there is no need to bend the other lead frame, so the 
manufacturing process can be simplified. 

[0015] Also, the resin package may be formed by forming adjusting terminals on the 
layered lead frame to inspect the properties of the IC, adjusting the properties, and/or 
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confirming conduction between the piezoelectric resonator and the connection terminals, the 
adjusting terminals being externally exposed, and the layered lead fi-ame and the piezoelectric 
resonator are sealed inside the resin package. This enables inspecting the properties of the IC, 
adjusting the properties, and/or confirming conduction between the piezoelectric resonator 
and the connection terminals, in the state of a completed product after being sealed in the 
resin. 

[0016] The mounting terminals may be at a position higher or lower than the 
adjusting terminals, but preferably are formed at the same height as the adjusting terminals. 
Thus, there is no need to erect the mounting leads to the other side to make the mounting 
terminals and the adjusting terminals to be different heights at the time of working the lead 
fi-ame on the other side, thereby simplifying the manufacturing process. 

[0017] The adjusting terminals may be formed exposed at the bottom face of the 
resin package. Exposing the adjusting terminals at the bottom face of the resin package 
enables the adjusting terminals to be joined to (mounted on) the mounting board, thereby 
enhancing the mounting strength of the piezoelectric oscillator, and increasing shock 
resistance. 

[0018] Further, the lead fi-ame at the other side may have portions other than the 
mounting terminals formed thinner than the mounting terminals. Thus, the mounting 
terminals can be formed without erecting (bending) the mounting leads. Accordingly, the 
area of the mounting terminals can be increased, thereby increasing the mounting strength 
(joining strength) to the mounting board. Also, the entire lead fi-ame on the other side is 
thinner than the mounting terminals, so the resin package can be made thinner. Also, the lead 
firame at the one side may have the portions thereof other than the connection terminals 
formed thinner than the connection terminals. Accordingly, the area of the connection 
terminals can be increased, thereby increasing the mounting strength (joining strength) with 
the piezoelectric resonator. Also, the entire lead firame on the one side is thinner than the 
connection terminals, so the resin package can be made thinner. 

[0019] The mounting terminals may be provided at a position higher than the lower 
face of the resin package. Accordingly, solder fills in the gap formed between the mounting 
terminals and the mounting board at the time of mounting the piezoelectric oscillator to the 
mounting board, so the state of joining of the mounting terminals can be readily confirmed by 
eye. 



[0020] Also, the layered lead frame and the piezoelectric resonator may be sealed 
within a resin package such that the side face of the mounting terminals, as well as the 
principal surface of the mounting terminals, are exposed outwards, thereby forming a resin 
package. In this case, the solder not contained within the principal surface of the mounting 
terminals follows the side face of the mounting terminals upwards. Consequently, a fillet is 
formed from the electrode of the mounting board to the side face of the mounting terminal. 
Thus, the joining of the electrode of the mounting board and the mounting terminal of the 
piezoelectric oscillator can be readily extemally confirmed. 

[0021] Also, the tips of the mounting terminals may protrude from the side face of 
the resin package. Thus, at the time of joining the mounting terminal to the mounting board, 
the solder follows the portion of the mounting terminal protruding from the resin package 
upwards and forms a fillet, so whether or not a good mount (joining) has been made can be 
readily determined by eye. Also, the solder covers the mounting terminal protruding form the 
resin package, so the mounting strength can be enhanced. 

[0022] The mounting leads may be formed with irregular shapes. As the size of 
piezoelectric oscillators is reduced, it becomes difficult to form portions on the mounting 
leads to catch on the resin and serve as anchors. Accordingly, forming the mounting leads 
with irregular shapes, such as protrusions, notches, recesses, and so forth, allows the resin to 
be caught and provide great anchor effects, thereby enhancing the mounting strength. Also, 
the mounting terminals may have at least one or more recesses or protmsions formed on the 
principal surface. Thus, the area of contact between the mounting terminals and the resin 
making up the resin package substantially increases, and also the anchor effects of the resin 
which has entered the recesses, or the protrusions, enable the strength of joining with the resin 
to be enhanced, thereby reducing or preventing the resin from peeling off. Further, the 
moimting terminals may have at least one or more recesses or protrusions formed on the face 
joining the resin, opposite to the principal surface. Thus, the area of contact between the 
mounting terminals and the resin making up the resin package substantially increases, and 
also the anchor effects of the resin which has entered the recesses, or the protrusions, enables 
the strength of joining with the resin to be enhanced, thereby reducing or preventing the resin 
from peeling off 

[0023] The connection leads may be formed with irregular shapes. Thus, even in 
the event that the size of the piezoelectric oscillator is reduced fiirther, this provides great 
anchor effects as to the resin, thereby enhancing the joining strength. Also, the connection 
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terminals may have at least one or more recesses or protrusions formed on one or both of the 
principal surface to connect to the piezoelectric resonator, and the opposite face. Thus, the 
area of contact between the connection terminals and the piezoelectric resonator, or the area 
of contact between the connection terminals and the resin making up the resin package, 
increases, and also the anchor effects of the recesses or protrusions provided on connection 
terminals act to enhance the strength of joining with the piezoelectric resonator or the resin of 
the resin package to be enhanced. 

[0024] Notches to permit intrusion of resin may be formed on one or both of the 
connection leads and the mounting leads. Thus, the resin making up the resin package 
intrudes into the notches and exhibits anchoring effects, so that the strength of joining 
between the resin and the connection leads or the mounting leads is enhanced, and shock 
resistance can be enhanced. Also, recesses or protrusions may be formed on the sides of one 
or both of the connection terminals and the mounting terminals. Thus, anchoring effects to 
the resin can be obtained, and mounting strength can be enhanced. 

[0025] The sides of one or both of the connection terminals and the mounting 
terminals may be inclined in the thickness direction thereof As for the direction of 
incUnation of the inclined face, preferably, the side of the terminal at the inner side of the 
resin package is wider, and the width at the outer side of the resin package narrower. Thus, 
event in the event that force is applied in the thickness direction of the terminal, the chance 
that the terminal comes loose from the resin can be reduced. 

[0026] A portion of the mounting leads may protrude from the side face of the resin 
package, and bend downwards so as to be capable of being mounted to a mounting board. 
Thus, the area joining to the mounting board increases, and the mounting strength can be 
enhanced. The portion of the mounting lead bent downward may be formed as a J-lead with 
the tip positioned below the resin package, or may be formed as a gull-wing with the tip at the 
outer side of the resin package. Bending of the portion of the mounting lead downward can 
be performed according to the usage conditions and the usage environment of the 
piezoelectric oscillator, thereby enhancing flexibility with regard to mounting. 

[0027] A portion of the adjusting terminals may protrude from the side face of the 
resin package, and bend downwards so as to be capable of being mounted to a mounting 
board. Thus, the mounting terminals and adjusting terminals can be joined to the mounting 
board, thereby enhancing mounting strength. The adjustment terminal bent downward may 
be formed as a J-lead with the tip positioned below the resin package, or may be formed as a 



8 

gull-wing with the tip at the outer side of the resin package. Bending of the portion of the 
adjustment terminal downward can be performed according to the usage conditions and the 
usage environment of the piezoelectric oscillator, thereby enhancing flexibility with regard to 
mounting. 

[0028] The IC may be mounted to the one lead frame. Thus, even in the event that 
there is intrusion of water from the lower side of the piezoelectric oscillator, this does not 
readily reach the IC, so failure of the IC can be reduced or prevented. Also, in the event that a 
temperature compensation circuit is provided to the IC, the temperature sensor is disposed 
near the piezoelectric resonator, so the difference in temperature between the temperature 
sensor and the piezoelectric resonator element can be reduced. Accordingly, the temperature 
properties of the piezoelectric resonator element can be accurately corrected. 

[0029] Retaining portions for retaining in the height direction of the piezoelectric 
resonator may be formed on the side face of the package, and then the layered lead frame and 
the piezoelectric resonator sealed within the resin package, thereby forming the resin package. 
Thus, the piezoelectric resonator does not readily come loose from the piezoelectric 
oscillator. 

[0030] In order to connect the terminals of the IC and the mounting terminals, a pair 
of wiring leads may be formed on one lead frame on the one side, with the wiring leads 
erected in the one side so as to form a pair of wiring terminals, and one of the pair of wiring 
leads connected to one of the IC terminals or the mounting terminals and the other of the pair 
of wiring leads connected to the other of the IC terminals or the mounting terminals, and with 
a pair of electrode pads connected to each of the pair of wiring terminals and a wiring pattern 
mutually connected to each of the pair of electrode pads having been formed on the 
piezoelectric resonator. Thus, even in the event that the order of assignment of functions to 
the IC terminals are not the same as the order of assignment of fiinctions to the mounting 
terminals, electric connection can be made between the corresponding terminals. 
Consequently, the same type of IC can be shared between piezoelectric oscillators with 
different orders of assignment of functions to the mounting terminals. Accordingly, the 
number of IC types can be reduced, thereby reducing manufacturing costs and the cost of the 
completed product. 

[0031] The layered lead frame and the piezoelectric resonator may be sealed within 
the resin package, with the upper face of the lid of the piezoelectric resonator externally 
exposed, thereby forming the resin package. The product specifications of the piezoelectric 
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resonator are inscribed on the upper face of the lid, so exposing the lid need not inscribe the 
product specifications on the surface of the resin package. Also, the position of the lid is 
fixed within the resin molding mold, so the attitude of the piezoelectric resonator can be 
stabilized. Also, the lid of the piezoelectric resonator may be sealed within the resin package, 
thereby forming the resin package. This need not mask the upper face of the lid to reduce or 
prevent the exposed lid from being covered with solder plate in the step of solder plating the 
surface of the mounting terminals. 

[0032] On the other hand, a method for manufacturing a piezoelectric oscillator 
according to an aspect of the present invention includes: a step to, with regard to a layered 
lead frame including two lead frames, forming connection leads to connect with a 
piezoelectric resonator on one of the lead frames on one side and erecting the connection 
leads to the one side so as to form connection terminals, and forming mounting leads to 
mount to a mounting board on the other of the lead frames on the other side and erecting the 
mounting leads to the other side so as to form mounting terminals, and layering the lead 
frames to form the layered lead frame; a step to mount an IC forming an oscillating circuit on 
the layered lead frame; a step to mount on the layered lead frame, the piezoelectric resonator 
formed by sealing a piezoelectric resonator element within a package; and a step to seal the 
layered lead frame and the piezoelectric resonator within a resin package such that the 
principal siu-face of the mounting terminals are exposed outwards. Thus, the planar size of 
the piezoelectric oscillator can be reduced. 

[0033] Further, a method for manufacturing a piezoelectric oscillator according to 
an aspect of the present invention includes: a step to, with regard to a layered lead frame 
including two lead frames, forming connection leads to connect with a piezoelectric resonator 
on one of the lead frames on one side and erecting the connection leads to the one side so as 
to form connection terminals, and forming moimting leads to mount to a mounting board on 
the other of the lead frames on the other side and reducing the thickness of the base side of 
the mounting leads to form mounting terminals at the tips there, and layering the lead frames 
to form the layered lead frame; a step to moxmt an IC forming an oscillating circuit on the 
layered lead frame; a step to mount on the layered lead frame, the piezoelectric resonator 
formed by sealing a piezoelectric resonator element within a package; and a step to seal the 
layered lead frame and the piezoelectric resonator within a resin package such that the 
principal surface of the mounting terminals are exposed outwards. Accordingly, the essential 
joining area of the mounting terminals can be made larger since inclined portions are not 
formed to the mounting leads, so the strength of joining to the mounting board can be 
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increased. Making the base side of the mounting leads thinner can be readily performed by 
press plasticity working or etching. 

[0034] Further, the method may further include a step to remove resin adhering to 
the principal surface of the mounting terminals. This allows solder plating to the principal 
face of the mounting terminals. Further, the step to seal within the resin package may be 
performed by pressing the principal face of the mounting terminals against a mold face, and 
the unnecessary portions of the mounting terminals being cut off in a subsequent step to cut 
the resin package off from the frame portion of the lead frame. Thus, the principal surface of 
the mounting terminals can be pressed tightly against the face of the mold at the time of 
sealing with resin, so resin can be prevented from adhering to the principal surface of the 
mounting terminals, and a step to remove the resin adhering to the principal surface can be 
omitted. Also, cropping off unnecessary portions of the mounting terminals at the time of 
cutting the resin package off from the frame portion of the lead frame prevents the mounting 
area from being large. 

[0035] An electronic device according to an aspect of the present invention has one 
of the above-described piezoelectric oscillators. Thus, an electronic device can be obtained 
which is reduced in size, has excellent shock resistance, and high reliability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] Fig. 1 is a perspective view of a disassembled state of a piezoelectric 
oscillator according to a first exemplary embodiment; 

[0037] Fig. 2 is a side cross-sectional view of the piezoelectric oscillator according 
to the first exemplary embodiment; 

[0038] Figs. 3(A)-3(B) are plan views of a lead frame; 

[0039] Figs. 4(A)-4(H) are perspective views of castellation portions of a package; 

[0040] Figs. 5(A)-5(B) are explanatory schematics of mounting terminals; 

[0041] Figs. 6(A)-6(B) are explanatory schematics of a frequency adjusting step; 

[0042] Fig. 7 is a perspective view of a disassembled state of the piezoelectric 
oscillator according to the first exemplary embodiment; 

[0043] Fig. 8 is an explanatory schematic of a wiring state; 

[0044] Figs. 9(A)-9(B) are explanatory schematics of a piezoelectric oscillator 
according to the related art; 

[0045] Fig. 10 is an explanatory schematic of a lead frame according to a third 
exemplary embodiment; 
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[0046] Figs. 1 1 (A)- 1 1 (B) are explanatory schematics of resin sealing of the lead 
frame according to the third exemplary embodiment; 

[0047] Fig. 12 is an explanatory schematic of a method to cut the pressing tab 
according to the exemplary embodiment; 

[0048] Figs. 13(A)-13(C) are explanatory schematics of a piezoelectric oscillator 
according to the third exemplary embodiment; 

[0049] Figs. 14(A)-14(B) are schematics illustrating the mounting state of the 
piezoelectric oscillator according to the third exemplary embodiment; 

[0050] Figs. 15(A)- 15(B) are explanatory schematics of a lead frame according to a 
fourth exemplary embodiment; 

[0051] Fig. 16 is an explanatory schematic of resin sealing of the lead frame 
according to the fourth exemplary embodiment; 

[0052] Figs. 17(A)> 17(B) are explanatory schematics of a piezoelectric oscillator 
according to the fourth exemplary embodiment; 

[0053] Figs. 18(A)- 18(B) are explanatory schematics of the mounting method of the 
piezoelectric oscillator according to the fourth exemplary embodiment; 

[0054] Figs. 19(A)- 19(C) are disassembled perspective views of a piezoelectric 
oscillator according to a fifth exemplary embodiment; 

[0055] Figs. 20(A)-20(C) are disassembled perspective views of a piezoelectric 
oscillator according to a sixth exemplary embodiment; 

[0056] Figs. 21(A)-21(C) are disassembled perspective views of a piezoelectric 
oscillator according to a seventh exemplary embodiment; 

[0057] Fig. 22 is an explanatory schematic of a cormecting lead according to . 
another exemplary embodiment; 

[0058] Figs. 23(A)-23(C) explanatory diagrams of a mounting lead according to 
another exemplary embodiment; 

[0059] Figs. 24(A)-24(B) are schematics illustrating a modification of a mounting 

lead; 

[0060] Figs. 25(A)-25(G) are schematics illustrating mounting terminals formed in 
irreguleir shapes; 

[0061] Fig. 26 is a schematic illustrating the state of mounting terminals formed in 
irregular shapes exposed at the lower face of the resin package; 
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[0062] Figs. 27(A)-27(C) are schematics illustrating an example of the side face of a 
mounting terminal according to an exemplary embodiment; 

[0063] Figs. 28(A)-28(B) are explanatory schematics of a method to form the sides 
of the mounting terminal as inclined faces; 

[0064] Figs. 29(A)-29(B) are explanatory schematics of an eighth exemplary 



embodiment; 
[0065] 

embodiment; 
[0066] 
[0067] 



Figs. 30(A)-30(C) are explanatory schematics of a ninth exemplary 



Fig. 31 is an explanatory schematic of a tenth exemplary embodiment; 
Figs. 32(A)-32(C) are cross-sectional views of a layered lead frame of the 
piezoelectric oscillator according to the exemplary embodiment; 

[0068] Figs. 33(A)-33(B) are schematics illustrating a modification of the tenth 
exemplary embodiment; 

[0069] Figs. 34(A)-34(B) are schematics illustrating an eleventh the exemplary 
embodiment and a modification thereof; 

[0070] Figs. 35(A)-35(B) are schematics illustrating another modification of the 
eleventh exemplary embodiment; 

[0071] Fig. 36 is an explanatory schematic of a twelfth exemplary embodiment; 
[0072] Figs. 37(A)-37(B)are schematics illustrating another method to connect, a 
connection lead and a tie bar; 

[0073] Figs. 38(A)-38(B) are schematics describing modifications of external 



electrodes; 

[0074] 

terminals; 

[0075] 

embodiment; 
[0076] 
[0077] 
[0078] 

and; 

[0079] 



Figs. 39(A)-39(B) are schematics illustrating modifications of adjusting 

Figs. 40(A)-40(B) are schematics describing a thirteenth exemplary 

Fig. 41 is an explanatory schematic of a fourteenth exemplary embodiment; 
Fig. 42 is an explanatory schematic of a fifteenth exemplary embodiment; 
Fig. 43 is an explanatory schematic of a sixteenth exemplary embodiment 

Fig. 44 is a block schematic of a digital cellular telephone device according 



to an exemplary embodiment. 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0080] Preferred exemplary embodiments of the piezoelectric oscillator, 
manufacturing method thereof, and electronic device, according to aspects of the present 
invention, will be described with reference to the attached figures. Note that the following 
are only one arrangement of exemplary embodiments according to aspects of the present 
invention, and that the present invention is not restricted to these. 

[0081] First, a first exemplary embodiment will be described. Fig. 1 shows a 
perspective view where a piezoelectric oscillator according to the first exemplary 
embodiment is in a disassembled state. Also, Fig. 2 shows a side cross-sectional schematic 
along plane A-A in Fig. 1 . Note that Fig. 2 shows the state where the resin package 70 has 
been removed. That is to say, the cross-section at the portion of the layered lead fi*ame 50 in 
Fig. 2 also shows terminal portions at positions which are not actually cut, but this has been 
added to facilitate understanding, and does not indicate a cut face, but rather illustrates the 
position in the up and down directions (vertical direction) of each of the terminal portions and 
so forth. The piezoelectric oscillator 1 according to the first exemplary embodiment has a 
layered lead fi*ame 50 configured of two lead firames 30 and 40, connection leads 32 to 
connect to a piezoelectric resonator 10 are formed on the upper side lead firame 30 and the 
connection leads 32 are erected upwards to form connection terminals 36, and mounting 
leads 42 to mount to a mounting board are formed on the lower side lead fi-ame 40 and the 
mounting leads 42 are erected downwards to form mounting terminals 46, with the IC 60 
forming an oscillating circuit being mounted on the layered lead frame 50, the piezoelectric 
resonator 10 formed by sealing a piezoelectric resonator element 12 within a package 20 
being mounted on the layered lead fi-ame 50, and the layered lead frame 50 and the 
piezoelectric resonator 10 being sealed within a resin package 70 (see Fig. 2) such that the 
principal surfaces of the mounting terminals 46 are exposed outwards, thereby yielding a 
completed article. Note that the IC may be electronic parts, such as resistors or capacitors or 
the like, as well. 

[0082] Figs. 3(A)-3(B) show plan views of a lead frame. Note that Fig. 3(A) is a 
plan view of the upper lead frame, and Fig. 3(B) is a plan view of the lower lead frame. With 
the first exemplary embodiment, the two lead frames 30 and 40 are laid one upon the other to 
form the layered lead frame 50. The lead frames 30 and 40 have parallel-cross shaped 
frames 31 and 41 on electroconductive metal sheets, with the same pattem being repeatedly 
formed on the inner side of the frames 31 and 41. 
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[0083] With the upper lead frame 30 which is the one lead frame shown in 
Fig. 3(A), connecting leads 32 to connect to the piezoelectric resonator are formed at the four 
comers on the inner side of the frame 3 1 . Note that at least three external electrodes are 
formed on the piezoelectric resonator, as a total of extemal electrodes conducting with a pair 
of exciting electrodes, and a grounding extemal electrode, so at least three connection 
leads 32 are formed on the upper lead frame 30. Wire bonding pads 34 are formed on the 
inner side edge portion of each connection leads 32, in the direction of the long side of the 
frame 3 1 . Note that the pads 34 are brought into contact with the long side of the frame 3 1 , in 
order to support the pads 34 on the same plane as the frame 3 1 . Thus, the connection 
leads 32 are fixed to the frame 31. On the other hand, inclined portions 35 upwards are 
formed on the outer side of the pads 34, and fiirther, connection terminals 36 are formed on 
the outer side of the inclined portions 35. Erecting the inclined portions 35 from the pads 34, 
as shown in Fig. 1, disposes the connection terminals 36 parallel with the upper lead 
frame 30, at a position distanced therefrom by a predetermined distance. Note that the 
predetermined distance is a distance greater than the maximum height of the wires 62 bonded 
to the IC 60, 

[0084] With the lower lead frame 40 which is the other lead frame shown in 
Fig. 3(B), mounting leads 42 to mount to the mounting board are formed at the four comers 
on the inner side of the frame 41 . Note that wire bonding pads 44 are formed on the inner 
side edge portion of each mounting lead 42, in the direction of the short side of the frame 41. 
Note that the pads 44 are brought into contact with the short side of the frame 41, in order to 
support the pads 44 on the same plane as the frame 41 . Thus, the connection leads 42 are 
fixed to the frame 41. On the other hand, inclined portions 45 are formed on the outer side of 
the pads 44, and further, mounting terminals 46 are formed on the outer side of the inclined 
portions 45. Erecting the inclined portions 45 downwards from the pads 44, as shown in 
Fig. 1, disposes the mounting terminals 46 parallel with the lower lead frame 40, at a position 
distanced therefrom by a predetermined distance. 

[0085] Adjusting terminals 54 to inspect the properties of the IC, adjusting the 
properties, and/or confirming conduction between the piezoelectric resonator and the 
connection terminals, are formed at intermediate portions on the mounting leads 42 in the 
short side direction of the frame 41. Inspecting the properties refers to properties inspection, 
such as checking the actions of the IC following formation of the resin, properties as a 
piezoelectric oscillator, and so forth. Also, properties adjustment refers to correcting the 
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frequency change due to the temperature of the piezoelectric oscillator in the event that a 
temperature compensation circuit has been added to the IC, or adjusting change sensitivity in 
the event that a function for changing the frequency according to the input voltage has been 
added to the IC. The adjusting terminals 54 connect to the short side of the frame 41, and are 
supported on the same plane as the lower lead frame 40. Also, the mounting terminals 46 are 
"disposed below the lower lead frame 40 with a predetermined distance therebetween, so there 
is no short-circuiting between the adjusting terminals 54 and the electrodes or the like of the 
mounting board. On the other hand, a die pad 52 is formed at the center portion within the 
frame 41 of the lower lead frame 40. The die pad 52 is connected to the long sides of the 
frame 41, and is supported on the same plane as the lower lead frame 40. Note that the 
adjusting terminals 54 and the die pad 52 may be formed on the upper lead frame as well. 
Also, the positions where the connection terminals, mounting terminals, adjusting terminals, 
and die pad are connected to the frames are not restricted to the long sides or short sides. For 
example, in the event that there is a great number of adjusting terminals, the adjusting 
terminals are connected to the long sides, and the die pad is connected to the short sides. 

[0086] The upper lead frame 30 and the lower lead frame 40 are overlaid, thereby 
forming the layered lead frame. The upper lead frame 30 and the lower lead frame 40 are 
fixed by performing spot welding or the like on the frames 31 and 41 thereof. The leads of 
the lead frames are formed on the inner sides of the frames 31 and 41 such that there is no 
contact between the upper lead frame 30 and the lower lead frame 40. Thus, the layered lead 
frame 50 has two tiers of terminals mutually separated in a direction substantially 
perpendicular to a main plane of the lower lead frame 40. That is to say, the layered lead 
frame 50 has the connection terminals 36 and the moimting terminals 46 overlaid at the same 
position when viewed in planar fashion. 

[0087] On the other hand, as shown in Fig. 1, the integrated circuit device (IC) 60 is 
mounted on the upper face of the die pad 52. The IC 60 has an oscillating circuit formed, 
with a temperature compensation circuit or voltage control circuit added if necessary. The 
IC 60 is moimted on the upper face of the die pad 52 using an adhesive agent. Note that the 
IC 60 may be mounted to the lower face of the die pad 52 as well. Of course, mounting the 
IC 60 on the upper face of the die pad 52 keeps any moisture which might intrude from the 
lower side of the piezoelectric oscillator from readily reaching the IC 60, thereby enabHng 
failures of the IC 60 to be reduced or prevented. Also, in the event that a temperature 
compensation circuit is added to the IC 60, the temperature sensor thereof is disposed near the 
piezoelectric resonator 10, so the temperature difference between the temperature sensor and 
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the piezoelectric resonator element 12 can be reduced. Accordingly, the temperature 
properties of the piezoelectric resonator element 12 can be accurately corrected. 

[0088] Further, the terminals of the layered lead frame 50 and the terminals on the 
upper face of the IC 60 are electrically connected. Specifically, the pads 34 of the connection 
terminals 36, the pads 44 of the mounting terminals 46, and the adjusting terminals 54, are 
connected to the terminals on the upper face of the IC 60, by wire bonding. Note that a 
notches 38 are formed in the connection leads 32, so the pads 44 of the mounting terminals 46 
are exposed upwards. Thus, wire bonding can be performed to the pads 44 of the mounting 
terminals 46. 

[0089] On the other hand, a piezoelectric resonator 10 is formed by sealing the 
piezoelectric resonator element 12 into the package 20. As shown in Fig. 2, the package 20 is 
formed by layering and baking multiple sheets formed of ceramic materials and the like. 
Specifically, the sheets are blanked into predetermined shapes, and predetermined wiring 
pattems are formed on the surface of the sheets, before the sheets are layered and baked. A 
cavity 21 is formed on this package 20, and a mount electrode 22 is formed on the bottom of 
the cavity 21. Also, and external electrode 24 is formed on the rear side of the package 20, 
and conduction with the mount electrode 22 is secured via wiring pattems 23 and 24a. Note 
that vertical connection may be made through a through hole instead of the side electrode 24a. 

[0090] As shown in Fig. 1, the piezoelectric resonator element 12 is formed of 
excitation electrodes 14 on both faces of a plate formed of a piezoelectric material, such as 
crystal or the like. Note that a connecting electrode 15 is formed on the edge of the 
piezoelectric plate, for conduction between the excitation electrodes 14. As shown in Fig. 2, 
the piezoelectric resonator element 12 is mounted within the cavity 21 of the package 20 in a 
cantilever state. Specifically, an electroconductive adhesive agent 13 is applied to the mount 
electrode 22 of the package 20, to which the connecting electrode 15 (see Fig. 1) of the 
piezoelectric resonator element 12 is applied. Thus, electricity can be applied to the 
excitation electrodes 14 (see Fig. 1) of the piezoelectric resonator element 12 from the 
extemal electrode 24 outside of the package 20. Note that the piezoelectric resonator 
element 12 may be mounted so as to be supported by both sides instead. 

[0091] Further, a lid 28 is mounted on the opening of the cavity 21 of the 
package 20, and the interior of the cavity 21 is sealed airtight as a nitrogen atmosphere or a 
vacuum atmosphere. Metal lids are mounted to the package 20 by seam welding, and glass 
lids with low-melt gleiss. Thus, the piezoelectric resonator 10 is completed. The article 
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mounted within the package 20 is not restricted to an AT cut piezoelectric resonator element, 
and may be a tuning-fork resonator element or a SAW chip instead. 

[0092] Now, before mounting the piezoelectric resonator 10 to the layered lead 
frame 50, the piezoelectric resonator 10 is subjected to frequency adjustment and a check of 
the operations of the IC 60. This allows a good piezoelectric resonator 10 and a good IC 60 
to be combined to form the piezoelectric oscillator. Note that with piezoelectric oscillator 
types, the IC being first mounted within the package and the piezoelectric resonator element 
being mounted above this, defects on the piezoelectric resonator element may be discovered 
at the stage of adjusting the frequency following mounting of the piezoelectric resonator 
element. In this case, the good IC must be discarded along with the defective piezoelectric 
resonator element. From this point, with the first exemplary embodiment, good ICs are not 
discarded, so the yield of ICs is enhanced, and manufacturing costs can be reduced. 

[0093] The piezoelectric resonator 10 is then mounted to the layered lead frame 50. 
Specifically, the extemal electrode 24 of the piezoelectric resonator 10 is connected to the 
connecting terminal of the layered lead frame via solder 25 or electroconductive adhesive 
agent or the like. Though the extemal electrode 24 of the piezoelectric resonator 10 may be 
formed on the rear side of the package 20 alone, extending and forming an extemal 
electrode 24a along the side face from the rear face is preferable. In this case, the portion of 
the solder not contained within the rear face of the package 20 follows the side face of the 
extemal electrode 24 upwards. Consequently, a fillet 25a is formed from the connection 
terminal 36 of the layered lead frame 50 to the extemal electrode 24a of the package side 
face. Thus, the connection between the connection terminal 36 of the layered lead frame 50 
and the extemal electrode 24 of the piezoelectric resonator 10 can be readily extemally 
confirmed. Also, the extemal electrode 24 of the piezoelectric resonator 10 may be formed 
on the side face of the package 20 alone. Also, while the piezoelectric resonator is supported 
to the connection terminals alone with the present exemplary embodiment, supporting the 
piezoelectric resonator by adding electrically isolated dimrniy connection terminals or the like 
can enhance supporting strength and reduce or prevent deformation of the lead frame. 

[0094] The layered lead frame 50 and the piezoelectric resonator 10 are sealed 
within the resin package 70. Specifically, the layered lead frame 50 mounted with the 
piezoelectric resonator 10 is placed within a resin molding mold, and the resin package 70 is 
formed by injection-molding of thermal-hardening resin. As shown in Figs. 3(A)-3(B), the 
resin package 70 is formed on the inner side of the frames 31 and 41 of the lead frames 30 
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and 40. Following formation of the resin package 70, the connections between the frames 31 
and 41 of the lead frames 30 and 40 and the leads are cut. The cut positions 39 and 49 are 
preferably near the surface of the resin package 70. The adjusting terminal 54 of the IC is cut 
in the state of protruding from the resin package 70. 

[0095] As shown in Fig. 2, sealing the layered lead frame 50 and the piezoelectric 
resonator 10 within the resin package 70 enables the relative position of the two to be fixed. 
Note that forming protrusions and recesses on the sides of the package 20 of the piezoelectric 
resonator 10 to seal the resin creates retaining portions which make it more difficult for the 
piezoelectric resonator to come loose from the piezoelectric oscillator, thereby firmly fixing 
the piezoelectric resonator. Figs. 4(A)-4(H) illustrate castellation formed at the side comer 
portion of the package of the piezoelectric resonator. A castellation 18 is generally formed at 
the side of the package 20. Accordingly, a retaining portion 19 is formed to the 
castellation 18. In order to form the retaining portion 19, the diameter of the through hole to 
serve as the castellation or the position of boring the through hole should be changed, as 
shown in Fig. 4(A)-Fig. 4(H), with regard to the portion 20b of the ceramic sheet making up 
the package 20. Note that Fig. 4(A)-Fig. 4(C) are examples of forming retaining portions at 
castellation at the package comer, and Fig. 4(D)-Fig. 4(H) are examples of forming retaining 
portions at castellation at the package side. 

[0096] On the other hand, the upper face of the lid 28 of the piezoelectric 
resonator 10 is exposed at the upper face of the resin package 70. The product specifications 
of the piezoelectric resonator 10 are inscribed on the upper face of the lid 28, so exposing the 
lid 28 does not need to inscribe the product specifications on the surface of the resin 
package 70. Also, the attitude of the piezoelectric resonator 10 within the resin molding mold 
can be stabilized. On the other hand, as described later, the upper face of the lid 28 needs to 
be masked in the step to solder plate the surface of the mounting terminals 46, to reduce or 
prevent the exposed lid 28 from being covered with the solder plating. From this point, this is 
not necessary in the event that the lid 28 is sealed within the resin package 70. 

[0097] Also, the principal surface of the moimting terminal 46 is exposed at the 
lower face of the resin package 70. Fig. 5(A) illustrates a view along the arrow D in Fig. 2, 
and Fig. 5(B) illustrates a bottom cross-sectional view along the plane F-F in Fig. 5(A). As 
shown in Fig. 5(A), the piezoelectric oscillator 1 according to an aspect of the present 
invention is mounted to the electrode 8 on the mounting board by solder 9. Now, the 
sides 46a of the mounting terminal 46 are also preferably exposed, in addition to the principal 
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surface thereof. In this case, the portion of the solder 9 not contained within the principal 
surface of the mounting terminal 46 follows the side face 46a upwards. Consequently, a 
fillet 9a is formed from the electrode 8 of the moimting board to the side face 46a of the 
mounting terminal. Thus, the connection between the electrode 8 of the mounting board and 
the mounting terminal 46 of the piezoelectric oscillator 1 can be readily externally confirmed. 

[0098] Also, as shown in Fig. 5(B), dimples (recesses) 47 may be formed on the 
principal surface of the mounting terminal 46 beforehand. The dimples 47 are formed by 
masking the portions of the principal surface of the mounting terminal 46 other than the 
portions for forming the dimples 47, and half-etching the principal surface of the mounting 
terminal 46. Mounting a piezoelectric oscillator 1 having such moimting terminals 46 results 
in solder entering the dimples 47 and exhibiting anchoring effects. Accordingly, the 
mounting terminals 46 of the piezoelectric oscillator 1 can be securely fixed to the 
electrodes 8 of the mounting board, thereby enhancing the mounting strength of the 
piezoelectric oscillator 1. 

[0099] In order to expose the principal surface of the mounting terminals 46 on the 
lower face of the resin package 70 as shown in Fig. 5(A), injection molding of resin is 
performed in a state that the principal surface of the mounting terminal 46 is in planar contact 
with the bottom face of the resin molding mold. However, the injection pressure of the resin 
causes the resin to intrude between the principal surface of the mounting terminal 46 and the 
resin molding mold, such that resin adheres to the principal surface of the mounting 
terminal 46. As described above, solder plating is to be applied to the principal surface of the 
mounting terminal 46, but in the event that resin has adhered to the principal surface of the 
mounting terminal 46, the solder plating does not adhere. Accordingly, removal of the resin 
adhered to the principal surface of the mounting terminal 46 is performed. Removing of the 
resin is performed by blasting the mounting terminals 46 with a fluid or water containing a 
polishing agent. Note that the resin may also be removed by methods, such as irradiating the 
mounting terminals 46 with lasers, applying chemicals, or the like. 

[0100] Next, the lower face of the mounting terminals 46 are subjected to solder 
plating. At this time, the upper face of the lid 28 is masked so that the exposed upper face of 
the lid 28 (see Fig. 2) is not covered with solder plating. Next, the piezoelectric oscillator is 
subjected to frequency adjustment. Figs. 6(A)-6(B) show explanatory schematics of the 
frequency adjustment process. Note that Figs. 6(A)-6(B) are side cross-sectional schematics 
of the portion equivalent to the plane A-A in Fig. 1. As shown in Fig. 6(A), a probe 80 is 
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brought into contact from below with the adjusting terminal 54 which is exposed externally 
from the resin package 70, and the frequency of the piezoelectric oscillator 1 is adjusted by 
writing to the IC 60. Note that the probe 80 may be brought into contact from above, as well. 
Also, the adjusting terminal 54 following frequency adjustment is cut off near the surface of 
the resin package 70. Also, an arrangement may be made wherein the frequency adjustment 
of the piezoelectric oscillator 1 is performed while bending the adjusting terminals 54 with 
probes 80, and the article is shipped as a product without cutting off the adjusting 
terminals 54 following frequency adjustment. Fig. 6(B) is a modification example of the 
resin package. With this modification example, a resin package 72 is expanded and formed 
above the adjusting terminals 55. Frequency adjustment of this piezoelectric oscillator 1 is 
also performed in the same way as above, but the article is shipped as a product without 
cutting off the adjusting terminals 55 following frequency adjustment. 

[0101] Thus, the piezoelectric oscillator 1 according to the first exemplary 
embodiment, where mutually separated terminals are disposed in multiple tiers (two tiers in 
the case of the embodiment) in the vertical direction on the package is completed. With the 
piezoelectric oscillator 1 according to the first exemplary embodiment described in detail 
above, the planar size can be reduced. 

[0102] That is, with the first exemplary embodiment, with regard to the layered lead 
frame configured of two lead frames, the connection leads to connect to the piezoelectric 
resonator were formed on the upper lead frame and the connection leads were erected 
upwards to form connection terminals, while the mounting leads to mount to the mounting 
board were formed on the lower lead frame, and the moimting leads were erected downwards 
to form mounting terminals, thereby configuring the layered lead frame. In this case, the 
connection terminals and the mounting terminals can be disposed to be vertically overlapped, 
so the two do not need to be disposed next to each other. Accordingly, the planar size of the 
piezoelectric oscillator can be reduced. Also, the area of the mounting terminals can be kept 
large. 

[0103] Note that with the first exemplary embodiment, a configuration wherein the 
entirety of the piezoelectric resonator and the layered lead frame is sealed within the resin 
package is employed. In this case, even in the event that the combination of piezoelectric 
resonator and IC changes, the same resin molding mold can be used, so small lots of a great 
types can be handled. Also, the position of the connection terminals can be accurately 
determined with regard to the outer shape of the resin package, so the piezoelectric oscillator 
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can be precisely mounted by positioning based on the outer shape. Further, seaHng with resin 
enables the entirety of the piezoelectric resonator and the layered lead frame to be insulated, 
also reducing or preventing intrusion of foreign matter and moisture. Accordingly, electric 
and chemical failure can be reduced or prevented. 

[0104] Next, a second exemplary embodiment will be described. Fig. 8 shows an 
explanatory schematic of the wiring state. The piezoelectric oscillator according to the 
second exemplary embodiment has a terminal b of the IC 160 connected to a mounting 
terminal B, and accordingly, a pair of wiring leads 132r and 132u are formed on the upper 
lead frame 130 and the wiring leads 132r and 132u are erected upwards to form a pair of 
wiring terminals 156r and 156u, with the wiring lead 132r being connected to the IC terminal 
b, and also the wiring lead 132u being connected to the mounting terminal B, and the pair of 
electrode pads 127r and 127u to be connected to each of the pair of wiring terminals 156r and 
156u, and a wiring pattern 126x to mutually connect the pair of electrode pads 127r and 127u, 
are formed on the piezoelectric resonator. Description of portions with the same 
configuration as the first exemplary embodiment will be omitted. 

[0105] With the second exemplary embodiment, let us consider a case wherein the 
fiinctions of A, D, C, and B are assigned in order to the mounting terminals, while the 
terminals on the upper face of the IC 160 have the fimctions of a, b, c, and d in that order. 
Such cases can occur when using general-purpose ICs and assigning fimctions of the 
mounting terminals according to the mounting board electrodes. Now, connecting between b- 
B and d-D with wire bonding may result in the wires crossing and short-circuiting. 
Accordingly, these terminals cannot be wired by wire bonding. Accordingly, with the second 
exemplary embodiment, the wiring patterns 126 from the IC to the mounting terminals are 
formed on the package of the piezoelectric resonator. 

[0106] Fig. 7 illustrates a perspective view of the piezoelectric oscillator according 
to the second exemplary embodiment in a disassembled state. In the second exemplary 
embodiment as well, two lead frames 130 and 140 are overlaid to form the layered lead 
frame 150. Connection leads 132 are formed at the four sides of the upper lead frame 130, 
and the outer side portions thereof are erected upwards to form connection terminals 136. 
Wiring leads 152 are formed at the intermediate portion of the connection leads 132 in the 
depth-wise direction in Fig. 7. The outer side portions of the wiring leads 152 are erected 
upwards to form wiring terminals 156. Note that with the second exemplary embodiment, 
two wiring terminals 156 are formed in array at the intermediate portion of the connection 
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terminals 136. On the other hand, mounting leads 142 are formed at the four sides of the 
lower lead frame 140, and the outer side portions thereof are erected downwards to form 
mounting terminals 146. 

10107] On the other hand, external electrodes 124 are formed on the four comers of 
the rear side of the package 120 in the piezoelectric resonator 110. Also, electrode pads 127 
are formed at the intermediate portions of the extemal electrodes 124 in the depth- wise 
direction in Fig. 7. Note that with the second exemplary embodiment, two electrode pad 127 
are formed in array at the intermediate portion between the extemal electrodes 124. Also, the 
wiring pattern 126 to connect the electrode pads 127 arranged in the horizontal direction in 
Fig. 7 to each other is formed. Note that with the second exemplary embodiment, two wiring 
patterns 126 are formed in array. The wiring patterns do not necessarily have to be formed on 
the rear face of the package, and may rather be formed on the side face or inside of the 
package 120. 

[0108] As shown in Fig. 8, the IC 160 and the leads are connected as follows. Note 
that Fig. 8 omits the connection terminals of the layered lead frame and the extemal 
electrodes of the piezoelectric resonator. First, the IC terminal a and mounting terminal A, 
and the IC terminal c and mounting terminal C, are electrically connected by wiring bonding. 
Also, the IC terminal b is connected to the wiring lead 132r, and the mounting terminal B to 
the wiring lead 132u, respectively by wiring bonding. Now, the piezoelectric resonator is 
mounted on the layered lead frame, and connecting the electrode pad 127r to the wiring 
terminal 156r, and the electrode pad 127u to the wiring terminal 156u, electrically connects 
the IC terminal b and the mounting terminal B via the wiring pattem 126x formed on the rear 
face of the package. In the same way, the IC terminal d is connected to the wiring 
terminal 156t, and the wiring terminal 156s to the mounting terminal D, respectively. Now, 
the piezoelectric resonator is mounted on the layered lead frame, and connecting the electrode 
pad 127t to the wiring terminal 156t, and the electrode pad 127s to the wiring terminal 156s, 
electrically connects the IC terminal d and the mounting terminal D via the wiring 
pattem 126y formed on the rear face of the package. 

[0109] With the piezoelectric oscillator according to the second exemplary 
embodiment described above in detail, even in the event that the order of assigning IC 
terminal functions is different from the order of assigning functions to the mounting 
terminals, the corresponding terminals can be electrically connected. Consequently, ICs of 
the same type can be shared between piezoelectric oscillators with different orders of 
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assigning mounting terminal functions. Accordingly, the types of ICs are reduced, so 
manufacturing costs and product costs can be reduced. 

[0110] Fig. 10 is a plan view of the lower lead frame according to a third exemplary 
embodiment. This lower lead frame 40A makes up the layered lead frame along with the 
upper lead frame 30 shown in Fig. 3(A). With the lower lead frame 40A according to the 
third exemplary embodiment, the mounting lead 42A differs from the mounting lead 42 of the 
lower lead frame 40 in the first exemplary embodiment shown in Fig. 3(B), but otherwise is 
the same as the lower lead frame 40. That is to say, with the lower lead frame 40A, the 
mounting terminals 46 A of the mounting leads 42 A are formed larger than the length of the 
inclined portion 45 in the horizontal direction in Fig. 10, and have a pressing tab 170 
protruding to the short side of the frame 41 from the inclined portion 45. This pressing 
tab 170 is pressed downwards by the upper mold of the mold when forming the lower lead 
frame 40 A and the upper lead frame 30 into the layered frame and sealing the mounted 
piezoelectric resonator 10 and IC 60 with resin. Figs. 1 1(A)-1 1(B) are schematic 
representations of a mold to form the resin package 70. 

[0111] As shown in Fig. 1 1(A), four pressing protrusions 174 are provided on the 
upper mold 172 corresponding to the four pressing tabs 170 provided on the lower lead 
frame 40A. These pressing protrusions 174 press the pressing tabs 170 of the mounting 
leads 42A from above at the time of forming the resin package 70, thereby bringing the 
principal surface (lower face) of the mounting terminals 46A into tight contact with the upper 
face 178 of the lower mold 176. Accordingly, adhesion of resin to the principal surface of the 
mounting terminals 46A can be reduced or prevented at the time of forming the resin 
package 70, and the step to remove the resin adhering to the principal surface can be omitted. 
Note that portions of the upper mold 172 and the lower mold 176 where the pressing 
protmding portions 174 are not formed are arranged to match at the height position of the 
adjusting terminals 54, as shown in (B) in the figure. 

[0112] As for the mounting leads 42 A of the lower lead frame 40A, in the step of 
cutting off the resin package 70 off from the layered lead frame (frame 41 of the lower lead 
frame 40 A) following formation of the resin package 70 as described above, cutting is 
performed along the cutting line 49 A indicated by the two-dot broken line in Fig. 10, whereby 
the pressing tabs 170 are cut off. However, as shown in Fig. 10, the pressing tabs 170 are cut 
such that the tips of the mounting terminals 46 A protrude from the side face of the resin 
package 70 by a small amount (e.g., around 0.1 to 0.2 mm). 
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[0113] Fig. 12 schematically illustrates the cut state of the pressing tabs 170 at the 
time of cutting the piezoelectric oscillator (resin package 70) off from the layered lead frame. 
The layered lead frame with the resin package 70 formed thereupon is placed on a lower 
blade 190 of a cutting machine for example, and an upper blade 192 descends as indicated by 
the arrow 194, thereby cutting the pressing tabs 170. At this time, the layered lead frame is 
positioned such that the pressing tabs 170 are cut with the mounting terminals 46A protruding 
from the resin package 70 by a predetermined length d. Cutting the pressing tabs 170 thus 
allows the sides (end faces) of the mounting terminals 46A to be exposed from the resin 
package 70 even in the event that the position of the layered lead frame shifts and is cut at the 
position indicated by the single-dot broken line 196 in the figures, so solder fillets can be 
visually configured, and the state of joining can be readily confirmed. 

[0114] Figs. 13(A)-13(C) illustrate a piezoelectric oscillator 180 having mounting 
electrodes 46A cut away from the layered lead frame, wherein (A) is a schematic illustrating 
of the mounting state of the piezoelectric resonator 10 and the IC 60, (B) is a top view, and 
(C) is a bottom view. Note however that Figs. 13(A)- 13(C) illustrate a case wherein there are 
four adjusting terminals 54 on either side. The piezoelectric oscillator 180 has the tips of the 
solder plated moimting terminals 46 A protruding from the side of the resin package 70. 
Accordingly, as shown in Fig. 14(A), with the piezoelectric oscillator 180, at the point that 
the mounting terminals 46 A are joined with the electrodes 184 of the mounting board 182 by 
solder 186, the mounting terminals 46A have been solder plated, so the solder 186 follows 
upward to cover the protruding portions of the mounting terminals 46A and form fillets. 
Accordingly, with the piezoelectric oscillator 180, the state of joining (mounting) to the 
mounting board 182 can be readily visually confirmed. Also, the solder 186 covers the 
protruding portions of the mounting terminals 46A, so mounting strength can be enhanced. 
Note that the pressing tabs 170 may be cut off at the time of cutting off the adjusting 
terminals 54. Also, the mounting terminals 46A may have the portions thereof following the 
long side of the resin package 70 protruding, or may be formed in an L-shape. 

[0115] That is to say, as shown in Fig. 14(B), the mounting terminals 46 A may have 
the edges on two sides protruding from the resin package 70. Thus, the area of the mounting 
terminals 46A covered by the solder 1 86 becomes greater, and the mounting strength of the 
mounting board 182 can be enhanced. Also, as shown in this figure, an arrangement may be 
made wherein the adjusting terminals 54 are formed on the lower lead frame 40 A of the 
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layered lead frame, and adjusting terminals 54A on the upper lead frame 30. Fxirther, the 
adjusting terminals may be formed on the upper lead frame alone. 

[0116] Figs. 1 5(A)-1 5(B) illustrate a lower lead frame according to a fourth 
exemplary embodiment, wherein (A) is a plan view, and (B) is a cross-sectional view along 
the plane C-C in (A). The lower lead frame 40B makes up the layered lead frame along with 
the upper lead frame 30 shown in Fig. 3(A). The lower lead frame 40B according to the 
fourth exemplary embodiment is arranged such that the mounting leads 42B do not have 
inclined portions, with the mounting terminals 46B and the pads 44 on the same plane, and at 
the same height as the adjusting terminals 54 as shown in Figs 15(A)- 15(B). Accordingly, the 
lower lead frame 40B does not require the step of bending the mounting terminals 46B to a 
position lower than the adjusting terminals 54, and the step to form the lower lead frame 40B 
can be simplified. Accordingly, with regard to the layered lead frame formed by layering the 
lower lead frame 40B shown in Figs. 15(A)- 15(B) and the upper lead frame 30 shown in 
Fig. 3(A), only the connection leads 32 of the one lead frame (upper lead frame 30) form the 
layered lead frame bent to the opposite side of the layering plane. Accordingly, the height- 
wise dimensions of the layered lead frame can be reduced, and the piezoelectric oscillator can 
be made thinner. 

[0117] Resin sealing with the layered lead frame using the lower lead frame 40B 
according to the fourth exemplary embodiment is performed as shown in Fig. 16. That is to 
say, an upper mold 200 and lower mold 202 foraiing the resin package 70B meet at the height 
position of the mounting terminals 46B. A recess 204 is provided to the lower mold 202 on 
the face where the cavity is to be formed, and the lower face 206 of the resin package 70B is 
positioned below the adjusting terminals 54, i.e., the principal face of the mounting 
terminals 46B. That is to say, with the resin package 70B, recesses 208 are formed at 
positions corresponding to each of the moimting terminals 46B, with the mounting 
terminals 46B being formed at the ceiling face of the recesses 208. This is in order to reduce 
or prevent the adjusting terminals 54, following cutting, from coming into contact with the 
mounting board and short-circuiting with the wiring pattem on the mounting board or with 
other parts. Note that the height of the recesses 208 needs to be just high enough that the 
adjusting terminals 54 do not come into contact with the surface of the mounting board, and 
may be around 0. 1 mm for example. 

[0118] Figs. 17(A)- 17(C) illustrate a piezoelectric oscillator 210 having mounting 
terminals 46B, wherein (A) is a schematic illustrating the state of mounting the piezoelectric 
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resonator 10 and the IC 60, (B) is a plan view, and (C) is a bottom view. This piezoelectric 
oscillator 210 can be mounted on the mounting board 182 as shown in Figs. 18(A)- 18(B), for 
example. With this mounting method, first, as shown in Fig. 18(A), solder balls 212 are 
provided to each of the mounting terminals 46B of the piezoelectric oscillator 210. The 
solder balls 212 are then positioned above the electrodes 184 of the mounting board 182. 
Subsequently, as shown in (B) in this figure, the solder balls 212 are melted, whereby the 
piezoelectric oscillator 210 can be mounted on the moxmting board 182. 

[01 19] The piezoelectric oscillator 210 mounted thus on the mounting board 1 82 
has the mounting terminals 46B provided on the ceiling face of the recess 208, and 
accordingly a gap g is formed between the moimting terminals 46B and the mounting 
board 182. The gap g is filled with the solder 220 which made up the solder ball 212. 
Accordingly, whether or not the mounting (joining) state is good can be readily determined by 
visually observing whether or not the gap g has been filled in by solder 220. 

[0120] Figs. 19(A)-19(C) are disassembled perspective views to describe a fifth 
exemplary embodiment, and is a figure corresponding to Fig. 1 . Note however, in 
Figs. 19(A)- 19(C), the layered lead fi-ame 50E is rotated by 90° in-plane as compared with 
that in Fig. 1. In Fig. 19(A), the piezoelectric oscillator IE is formed by integrally forming 
the piezoelectric resonator 10 storing the piezoelectric resonator element 12 within the 
package 20, and the IC 60 where the oscillating circuit and the like are formed, by the layered 
lead fi-ame 50E. The layered lead firame 50E is formed of an upper lead fi-ame 30E on the one 
side, and a lower lead frame 40E on the other side. The upper lead frame 30E and lower lead 
frame 40E are devised so as to reduce or prevent deterioration of joining strength due to 
reduction in the size of the piezoelectric oscillator IE and reduction in the contact area with 
the mold resin. That is to say, the lead frames 30E and 40E have the leads thereof formed as 
irregular shapes, so as to enhance the strength of joining to the resin as much as possible. 

[0121] The four connection leads 32E formed of the upper lead frame 30E each 
have a pad portion 34E, an inclined portion 35E, and a connection terminal 36E. The 
piezoelectric resonator 10 is mounted on (joined to) the coimection terminals 36E via external 
electrodes not shown in the figure which are provided on the bottom face of the package 20. 
Also, the connection leads 32E are formed with irregular shapes, having notches 
(recesses) 37E in the inclined portions 35E. The notches 37E are for allowing resin to enter 
therein at the time of forming the resin package 70, and reduce or prevent the connection 
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leads 32E from coming loose from and falling out of the resin package due to the anchoring 
effects of the resin entering the notches 37E. 

[0122] The mounting leads 42E formed of the lower lead frame 40E each have a 
pad portion 44E, an inclined portion 45E, and a connection terminal 46E, as indicated by 
Fig. 19(B) in the figure which is a cross-sectional view along the plane D-D in Fig. 19(A). 
The mounting leads 42E are formed with irregular shapes, with notches (recesses) 48E, to 
allow resin making up the resin package 70 to enter, formed at the area from the inclined 
portions 45E serving as the base side from the mounting terminals 46E to the pad 
portions 44E, and at the pad portions 44E. Also, the resin package 70 is formed such that the 
principal surface 230 of the mounting terminals 46E is exposed. Accordingly, the principal 
surface 230 of the mounting terminals 46E is arranged to be able to join to the electrode 
pattern of the mounting board through the solder. Note that in the present exemplary 
embodiment, the mounting lead 42E to the right side of Fig. 19(A) is connected to the ground 
terminal of the mounting board, and is formed integrally with the die pad 52E. 

[0123] The adjusting terminals 54E formed of the lower lead frame 40E are 
disposed between the mounting leads 42E and 42E positioned in the sideways direction in 
Fig. 19(A) with the present exemplary embodiment. The adjusting terminals 54E are formed 
of a tip terminal portion 5 IE and a base portion 53E which is integrally formed with the tip 
terminal portion 5 IE, and in a T-shape. That is to say, the adjusting terminal 54E is formed 
in a T-shape by forming notches 57E by notching both sides of the tip of a lead piece having 
the width of the base portion 53E (the length in the horizontal direction in Fig. 19(A)). The 
adjusting terminals 54E shown in the present exemplary embodiment are illustrated in the 
state that the adjusting step of the piezoelectric oscillator IE has been completed and the 
unnecessary portions of the tip side of the tip terminal portions 5 IE have been cut off, with 
the base portions 53E being embedded within the resin package 70 as shown in Fig. 19(C), 
Also, with the present exemplary embodiment, protrusions 61 and 63 forming the 
notches 48E of the moimting leads 42E are cut with the tips thereof protmding from the resin 
package 70, at the time of sealing the layered lead frame 50E with resin, and used as adjusting 
terminals. 

[0124] With the fifth exemplary embodiment formed thus, notches 37E and 48E are 
formed on the connection leads 32E and mounting leads 42E, so molding resin making up the 
resin package 70 enters into the notches 37E and 48E. Accordingly, the connection leads 32E 
and mounting leads 42E can be reduced or prevented from coming loose from the resin 
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package 70, and the joining strength can be enhanced. Also, with the adjusting 
terminals 54E, the base portion 53E embedded within the resin is formed wider than the tip 
terminal portion 5 IE, and accordingly will not come loose from the resin package 70. 
Accordingly, with the piezoelectric oscillator IE, separation of the joining portion between 
the resin of the resin package and the leads and terminals can be reduced or prevented, and 
shock resistance can be enhanced. 

[0125] Figs. 20(A)-20(C) are disassembled perspective views of a piezoelectric 
oscillator according to a sixth exemplary embodiment. With the piezoelectric oscillator IF 
according to this sixth exemplary embodiment, the lower lead frame 40F making up the 
layered lead frame 50F is unlike the lower lead frame 40E of the fifth exemplary 
embodiment, and other portions as the same as with the fifth exemplary embodiment. With 
the lower lead frame 40F according to this sixth exemplary embodiment, the mounting 
leads 42F do not have inclined portions. That is to say, the mounting leads 42F are not bent, 
and the upper face of the pad portions 44F and the mounting terminals 46F are on the same 
plane. Note however, as shown in Fig. 20(B) which is a cross-sectional schematic along the 
plane E-E in Fig. 20(A), the mounting leads 42F have the pad portions 44F serving as the 
base side formed thinner than the mounting terminals 46F. Accordingly, the mounting 
leads 42F have stepped portions 234 formed between the principal surface 230 of the 
mounting electrodes 46F and the lower face 232 of the pad portions 44F. Also, the pad 
portions 44F include the notches 48E the same as those in the fifth exemplary embodiment. 
Other configurations of the lower lead frame 40F are the same as those of the fifth exemplary 
embodiment. Note that the mounting leads 42F can be easily formed by reducing the 
thickness of the pad portions 44F, by press plasticity working or etching. 

[0126] With the layered lead frame 50F according to the sixth exemplary 
embodiment formed thus, there is no inclined portion formed on the mounting leads 42F of 
the lower lead frame 40F between the pad portions 44F and the mounting terminals 46F, so 
only the connection leads 32E of the upper lead frame 30E are bent in the opposite way as to 
the layering plane. Accordingly, with the layered lead frame 50F, the moxmting terminals 46F 
can be increased in size. Thus, the moimting terminals 46F have greater area of joining to the 
mounting board, and the strength of joining to the mounting board can be enhanced. Also, 
the layered lead frame 50F does not have inclined portions provided to the mounting 
leads 42F, so the dimensions in the thickness direction are smaller, and the thickness of the 
piezoelectric oscillator IF can be reduced. 
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[0127] Further, due to the mounting leads 42F not having the inclined portions, 
even in cases wherein the size is reduced, there is no breakage thereof at the time of working 
or under shock being applied thereto. That is to say, the mounting leads are also reduced in 
size and thickness along with the reduction in size and thickness of the piezoelectric 
oscillator. In the event of bending working of the mounting leads (forming) to form the 
mounting terminals, the inclined portions are thinner that the other portions. Accordingly, in 
cases of forming the mounting terminals by bending the moxmting leads, there is the danger of 
breakage at the inclined portions in the event that separation occurs with the resin during the 
bending of the mounting leads or under shock applied to the piezoelectric oscillator. 
Conversely, the mounting leads 42F according to the exemplary embodiment do not have the 
inclined portions, so there is no concern of such breakage. 

[0128] The lower lead frame 40F may have the portions of the mounting 
terminals 46F alone formed thicker, with the portions other than the mounting terminals, 
including the die pad, being made thinner by etching or the like. In this case, the principal 
surface 230 of the mounting terminals 46F is to be made to come lower than the lower face of 
the other portions made thinner, as shown in Fig. 20(B). Thus, the unnecessary thin portions 
other than the mounting terminals 46F are sealed within the resin package 70 at the time of 
resin molding while exposing the principal surface 230 of the mounting terminals 46F, even 
without forming the mounting terminals by bending. Accordingly, at the time of joining the 
mounting terminals 46F to the mounting board, there is no short-circuiting between the other 
portions and the wiring pattem or the like on the mounting board, thereby leading to reduced 
thickness of the piezoelectric oscillator. 

[0129] Note that in the sixth exemplary embodiment, connection leads 32F, such as 
shown in (C) in the figure, may be used instead of the connection leads 32E. The connection 
leads 32F do not have inclined portions provided between the pad portions 34F and the 
connection terminals 36F, with the lower face of the pad portions 34F and the connection 
terminals 36F being on the same plane. With the connection leads 32F, the pad portions 34F 
are formed thinner than the connection terminals 36F. Accordingly, the upper face 236 of the 
pad portions 34F are lower than the principal surface 238 of the connection terminals 36F. 
With such a connection lead 32F, the area of the connection terminals 36F can be increased, 
and the strength of joining with the piezoelectric resonator 10 can be increased. Also, the 
piezoelectric oscillator can be made thinner. The connection leads 32F can be formed in the 
same way as with the mounting leads 42F. The upper lead frame 30E having the connection 
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terminals 36F can have all portions other than the connection terminals 36F formed thinner 
than the connection terminals 36F. 

[0130] Figs. 21(A)-21(C) are disassembled perspective views of a piezoelectric 
oscillator according to a seventh exemplary embodiment. With this piezoelectric 
oscillator IG, the lower lead frame 40G making up the layered lead frame 50G, particularly 
the mounting terminals of the mounting lead, differ from the mounting terminals 46E of the 
lower lead frame 40G in the fifth exemplary embodiment. Other portions are the same as 
with the fifth exemplary embodiment. The mounting leads 42G according to the seventh 
embodiment have pad portions 44E, inclined portions 45E, and mounting terminals 46G, as 
shown in Fig. 21(B) which is a cross-sectional view along the plane F-F in Fig. 21(A). The 
mounting terminals 46G have protrusions 240 formed in the principal surface 230 thereof. 
Also, the mounting terminals 46G have recesses 244 formed at the positions corresponding to 
the protrusion 240 on the joining face 242 to join to the resin, at the opposite side from the 
principal surface 230. The protrusions 240 and recesses 244 are readily formed by press 
forming of the mounting terminals 46F. 

[0131] With the mounting terminals 46G formed thus, the protrusions 240 are 
formed on the principal surface 230, so the area of contact with the solder at the time of 
joining to the mounting board increases, and also, the strength of joining to the mounting 
board can be enhanced by the anchoring effects due to the protrusions 240. Also, the 
mounting terminals 46G have the recesses 244 formed on the joining face 242 to join to the 
resin, so the substantial area of contact with the resin increases, and also the resin enters the 
recesses 244, so the strength of joining with the resin can be enhanced. 

[0132] Note that the mounting terminals may be formed as shown by the mounting 
leads 42H to the right in Fig. 21(A). That is to say, the mounting leads 42H have 
recesses 246 formed on the principal surface 230 of the mounting terminals 46H, as shown in 
(C) in the figure which is a cross-sectional view along the plane G-G n Fig. 21(A). Also, the 
mounting terminals 46H have protmsions 248 formed on the joining face 242 to join to the 
resin at the opposite side to the principal surface 230. The recesses 246 on the principal 
surface 230 and the protrusions 248 on the joining surface 242 are corresponding, and are 
formed by bending by pressing or the like. The mounting terminal 46H formed thus is 
capable of yielding the same effects as with the moimting terminal 46G in (B) of the figure. 

[0133] Further, the mounting lead can be formed as shown in Fig. 22. The 
mounting lead 42 J shown in Fig. 22 has the lower face side of the pad portion 44 J at the lead 
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piece having a thickness of t, and the upper face side of the mounting terminal 46J, etched to 
form a crank shape. The area of the mounting terminal 46J can be increased with this 
mounting lead 42J as well, and the dimensions in the thickness direction can be reduced. 

[0134] Also, while the seventh exemplary embodiment has been described with 
reference to an example wherein one protrusion or one recession is provided to a mounting 
terminal, a plurality of these may be provided. Also, the connection lead may be formed as 
shown in Fig. 23, instead of the connection lead 32E. With the connection lead 32G shown in 
Fig. 23(A), the principal surface 238 on the connection terminal 36G which joins with the 
piezoelectric resonator 10 has a protmsion 250 formed. The connection terminal 36G has a 
recess (not shown) formed on the face joining the resin at the opposite side to the principal 
surface 238. With the connection terminal 36G formed thus, the strength of joining to the 
piezoelectric resonator 10, and the strength of joining to the resin of the resin package, can be 
enhanced. 

[0135] The connection lead 32H shown in Fig. 23(B) has a recess 252 formed on 
the principal surface 238 of the connection terminal 36H, and a protmsion 254 formed on the 
face to join to the resin on the opposite side thereof Also, with the connection lead 32J 
shown in (C) in the figure, a recess 256 is formed on the principal surface 238 of the 
connection terminal 36J, and a protmsion 258 is formed on the face on the opposite side 
thereof. The recess 256 is opened at the tip side of the connection terminal 36J, forming a U- 
shape. These connection terminals 36H and 36J also yield the same effects as the connection 
terminal 36G. 

[0136] Now, reduction in size and reduction in thickness of electronic devices has 
led to increased demand for further reduction in size and reduction in thickness of the 
piezoelectric oscillators. Accordingly, while the fifth exemplary embodiment shown in 
Figs. 19(A)- 19(C) attempt to enhance the strength of joining to the resin by forming the 
mounting leads in irregular shapes, cases wherein such mounting leads cannot be formed as 
shown in the fifth exemplary embodiment can be expected. That is to say, cases may be 
conceived wherein the mounting leads cannot be formed as the mounting lead 42E shown in 
Fig. 24(A), and only formed as the mounting lead 260 shown in (B) in the figure. This 
mounting lead 260 does not have the protrusion 63E shown in the figure formed on the 
mounting lead 42E for catching on the resin, and accordingly, is somewhat weak regarding 
force in the direction parallel to the face of the mounting lead 260. Accordingly, the 
moxmting terminal 46E is formed in an irregular shape to enhance the strength of joining to 
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the resin. Figs. 25(A)-25(G) illustrate an example thereof. Note that in Figs. 25(A)-25(B), 
portions other than the mounting terminal of the mounting lead 260 are omitted. 

[0137] The mounting terminal 262 shown in Fig. 25(A) has a through hole 262A 
formed therein. With this mounting terminal 262, molding resin to form the resin package 70 
enters the through hole 262A, and accordingly anchoring effects can be obtained and the 
joining strength with the resin can be enhanced. Note that as with the moxmting terminal 264 
shown in (B) of the figxire, a recess 264A may be formed on the face of joining with the resin, 
instead of the through hole. 

[0138] Figs. 25(C) through (F) illustrate examples of forming notches (recesses) on 
the base portion of the mounting terminal. The mounting terminal 266 shown in Fig. 25(C) 
has rectangular notches 266A formed at the center of two opposing sides. Also, the mounting 
terminal 268 shown in (D) of the figure has a C-shaped notch 268A formed. The mounting 
terminal 270 shown in Fig. 25(E) has a rectangular notch 270A formed on the tip side of one 
side. Further, the moimting terminal 272 shown in (F) of the figure has the two comers at the 
tip side of the mounting terminal 272 cut off in arc or rectangular shapes, to form 
notches 272A. The mounting terminal 274 shown in (G) of the figure has an arc-shaped or a 
U-shaped notch 274 A at the side of the tip. 

[0139] These mounting terminals 266 through 274 are each arranged so that resin 
enters the notches and catches, so the strength thereof regarding force acting in the direction 
parallel to the plane of the mounting terminal can be enhanced. The state of the mounting 
terminals 266, 270, 272, and 274, exposed at the lower face of the resin package 70 when the 
layered lead fi-ame is sealed in the resin package 70, is shown in Fig. 26. 

[0140] Figs. 27(A)-27(C) illustrate an example wherein the joining strength in the 
thickness direction (vertical direction) of the mounting terminal has been enhanced. The 
mounting terminal 276 shown in Fig. 27(A) has a recess 276A formed in the side thereof and 
has a step in the thickness direction. That is, with the mounting terminal 276, the width of the 
principal surface 276B side is narrower than the opposite side. Also, the mounting 
terminal 278 shown in (B) of the figure has protmsions 278A formed in a band shape at the 
intermediate portion in the thickness direction of the side face. Note that the 
protrusions 278A may be formed continuously or may be divided into a plurality. The 
mounting terminal 280 shown in Fig. 27(C) has inclined faces 280A inclined in the thickness 
direction at the side faces. The inclined faces 280A are formed such that the width of the 
principal surface 280B side is narrower than that of the opposite side, i.e., the center side of 
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the resin package 70. In cases where any of the mounting terminals 276, 278, and 280 are 
joined onto the moxmting board, separation from the resin is reduced or prevented in the event 
that force acting in the thickness direction of the mounting terminals (the vertical direction of 
the resin package 70) acts thereupon. 

[0141] Also, the mounting terminals 276 and 278 can be readily formed by pressing 
or etching. Also, the inclined faces 280A of the mounting terminal 280 can be formed as 
shown in Fig. 28. The method shown in Fig. 28(A) uses a cutting blade 284 which is drawn 
with a predetermined angle 0 as to the lead frame 282 as shown with the arrow 286, so as to 
cut. This method requires the inclined faces 280A to be formed separately. Conversely, with 
(B) in the figure, the inclined faces 280A can be formed at the same time. That is to say, with 
the method shown in Fig. 28(B), the width L of the blade portions 290 of cutting blades 288 
(288A, 288B) forming the inclined faces 280A is wider than the thickness t of the lead 
frame 282. The cutting blades 288 are dropped at the same time, and stopped at the point that 
the tips of the blade portion 290 pass through the lead frame 282, thereby forming the 
multiple inclined faces 280A at the same time. 

[0142] Fig. 29 is an explanatory schematic of an eighth exemplary embodiment. As 
shown in Fig. 29(A), with the piezoelectric oscillator 350 according to the eighth exemplary 
embodiment, four mounting terminals 352 and multiple (four, in the case of the embodiment) 
adjusting terminals 354 are provided on the bottom face of the resin package 70, so as to be 
joined to (mounted on) a mounting board not shown in this figure. The sides of the adjusting 
terminals 354 may be exposed from the resin package 70, as with the mounting terminals 352 
as shown in (B) in the figure. With the piezoelectric oscillator 350 arranged thus, the 
adjusting terminals 354 are joined to dummy terminals or the like provided on the mounting 
board by solder or the like. Accordingly, the piezoelectric oscillator 350 is joined with the 
mounting board by the mounting terminals 352 and the adjusting terminals 354, whereby the 
mounting strength is enhanced, and shock resistance can be greatly enhanced. 

[0143] Fig. 30 is an explanatory diagram of a ninth exemplary embodiment. With 
the piezoelectric oscillator 360 according to the present exemplary embodiment, adjusting 
terminals 362 (362A through 362D) are formed protruding from the side of the resin 
package 70, as shown in Fig. 30(A). Of these adjusting terminals 362, the adjusting 
terminals 3 62 A and 362D on both sides are formed of a part of the mounting lead, and are 
integral with the mounting terminals 352. The adjusting terminals 362 are bent downwards 
as shown in (B) in the figure following properties adjusting and inspection of the 
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piezoelectric oscillator 360, so as to be mountable to the mounting board. Bending of the 
adjusting terminals 362 may be performed so as to form J terminals by folding under the resin 
package 70 as illustrated by the adjusting terminals 362 A and 362B, or so as to be in gull- 
wing fashion as illustrated by the adjusting terminal 362C. Or, the portion protruding from 
the resin package 70 may be cut off as with the adjusting terminal 362D. 

[0144] Thus, with the piezoelectric oscillator 360 according to the ninth exemplary 
embodiment, the adjusting terminals (including those formed of a portion of the mounting 
lead) 362 can be joined onto the mounting board according to the usage environment and the 
usage conditions, with flexibility regarding moimting, and the moimting strength can be 
enhanced. Note that the tip portion of the adjusting terminals 362 can be made wider, as 
shown in Fig. 30(C). Widening the tip portion thus not only facilitates contact by probes of 
inspection and adjusting devices, but also further enhances the joining strength at the time of 
joining to the mounting board. 

[0145] Fig. 3 1 is a perspective view of a layered lead frame portion according to a 
tenth exemplary embodiment. The layered lead frame 50K according to the tenth exemplary 
embodiment is formed by layering the upper lead frame 30K and lower lead frame 40K. The 
lower lead frame 40K forms four mounting terminals 46K, indicated by hatching, to mount 
onto the mounting board. With the lower lead frame 40K, the mounting lead has only plate- 
shaped mounting terminals 46K to mount at the time of being formed into the layered lead 
frame 5 OK and cut from the frame portion, and has no bent portions. 

[0146] On the other hand, the upper lead frame 30K has connection leads 32E 
having connection terminals 36E formed, and also forms a die pad 366 to mount the IC 60 
and also multiple adjusting terminals 368. The adjusting terminals 368 are formed in a T- 
shape wherein the width of the base side being wider than that of the tip side. The IC 60 is 
mounted on the upper face of the die pad 366 provided to the upper lead frame 3 OK. Also, 
the piezoelectric resonator which is not shown in the figures is mounted on the connection 
terminals 36E of the upper lead frame 30K. The upper lead frame 30K has the connection 
leads 32E bent toward the side opposite of the face of layering with the lower lead frame 40K, 
i.e., upwards. The lower lead frame 40K is not bent as described above. Accordingly, the 
vertical position of the mounting terminals 46K is the position where the upper face comes 
into contact with the lower face of the die pad 366 of the upper lead frame 30K. 

[0147] That is to say, the layered lead frame 5 OK has only the connection leads 32E 
of the upper lead frame 30K bent in the opposite side of the layering face. Accordingly, with 
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the layered lead frame 50K, the height-wise dimension can be reduced, and the piezoelectric 
oscillator can be made thinner. Fig. 32(A) is a schematic illustration along the plane p-P in 
Fig. 3 1 in the direction of the arrows, in the state of the layered lead frame 5 OK sealed in 
resin. Note that (B) in the figure illustrates a modification example of the tenth exemplary 
embodiment, and illustrates a state wherein a die pad 52K is provided to the lower lead 
fame 40K, and the IC 60 is mounted to the lower lead frame 40K. Also, (C) in the figure is a 
schematic illustration along the plane a-a in Fig. 19 in the direction of the arrows with regard 
to the fifth exemplary embodiment, for the sake of comparison with the tenth exemplary 
embodiment. 

[0148] Figs. 33(A)-33(B) illustrate a modification of the tenth exemplary 
embodiment. With this modification, the tip portions of the mounting terminals 46K of the 
lower lead frame 40K are bent upwards. That is to say, with the modification illustrated in 
Fig. 33(A), the tips of the mounting terminals 46K protrude from the side face of the resin 
package 70, and the protruding portions form bent portions 370 which are bent upwards 
following the outer side face of the resin package 70. Forming such bent portions 370 forms 
a large fillet, so whether or not the mounting is good can be readily confirmed by eye, and 
also the mounting strength can be enhanced. Note that the bent portions 370 may be 
positioned within the resin package 70 such that the outer faces of the bent portions 370 of 
the mounting terminals 46K match the side faces of the resin package 70, as indicated by (B) 
in the figure. 

[0149] With the tenth exemplary embodiment, the connection leads 32E of the 
upper lead frame 30K are bent, and the leads of the lower lead frame 40K are not bent, but an 
arrangement may be made wherein conversely, the leads of upper lead frame are not bent, and 
the leads of the lower lead frame are bent. Figs. 34(A)-34(B) are cross-sectional schematics 
illustrating this example as an eleventh exemplary embodiment. As shown in Fig. 34 (A), the 
layered lead frame SOL is formed of the upper lead frame 30L where the connection 
terminals 36L are formed, and the lower lead frame 40L. The upper lead frame 30L does not 
have the connection leads bent, and includes only the connection terminals 36L at the time of 
being formed into the layered lead frame SOL and cut off from the frame portion. On the 
other hand, the lower lead frame 40L has the die pad S2L to mount the IC 60, mounting 
leads 42L, and adjusting terminals S4L. The mounting leads 42L have pads 44L, inclined 
portions 4SL, and mounting terminals 46L at the tip portions. The mounting leads 42L are 
bent at the tip side to the opposite side from the face of layering (downwards), thereby 



36 

forming a displacement space for wires 62 to electrically connect the IC 60 mounted on the 
lower face of the die pad 52L with the pad 44L. Only one lead frame is bent in this eleventh 
exemplary embodiment as well^ so the vertical dimensions of the layered lead frame SOL can 
be reduced, and the piezoelectric oscillator can be made thinner. 

[0150] Fig. 34(B) illustrates a modification of the eleventh exemplary embodiment. 
That is to say, with this modification, a die pad 366L is provided on the upper lead fame 30L, 
and the IC 60 is mounted on the lower face of the die pad 366L. 

[0151] Figs. 35(A)-35(B) illustrates another modification of the eleventh exemplary 
embodiment. With the modification illustrated in Fig. 35(1), the mounting leads are formed 
protruding from the resin package 70, and the protruding portions 372 are bent downwards. 
The mounting leads 42La shown to the left in the figure are formed into J-leads, with the 
mounting terminals 46La at the tips positioned at the lower face of the resin package 70. 
Also, the mounting lead 42Lb shown to the right in the figure is formed in gull-wing fashion, 
with the mounting terminal 46Lb positioned outside the resin package 70. 

[0152] The modification shown in Fig. 35(B) has the tip portion of the mounting 
terminal bent upwards. The modification shown to the left in the figure has the bent 
portion 374 positioned within the resin package 70 such that the output face of the tip bent 
portion 374 of the moimting terminal 46Ld matches the side face of the resin package 70. 
Also, with the modification shown to the right in the figure, the bent portion 374 is positioned 
outside the resin package 70. With these modifications shown in Figs. 35(A)-35(B) as well, a 
great fillet is formed at the time of mounting the piezoelectric oscillator on the mounting 
board, so whether or not the mounting is good can be readily determined by eye, so the 
mounting strength can be enhanced. 

[0153] Fig. 36 is a disassembled perspective view of a twelfth exemplary 
embodiment. The piezoelectric oscillator IM according to this twelfth exemplary 
embodiment is formed by electrically connecting a tie bar 376 integrally formed with the die 
pad 52E of the lower lead frame 40E and a connection lead 32Ea of the upper lead fame 30E, 
with a wire 62a as shown to the right in Fig. 36. There are cases wherein it is advantageous to 
set the external terminals 24 of the piezoelectric resonator 10 and the die pad 52E at the same 
potential, and the present exemplary embodiment is effective in such cases. Note that the 
electrical connection between the connection lead of the upper lead frame and the tie bar of 
the lower lead frame may be made as shown in Figs. 37(A)-37(B). 
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[0154] With the example shown in Fig. 37(A), a connection lead 32M, which comes 
into contact with the upper face of the tie bar 376 formed on the lower lead frame 40E, is 
formed on the upper lead frame. That is to say, the connection lead 32M has the end portion 
of the connection portion 34M on the base side positioned above the tie bar 376, such that the 
lower face thereof comes into contact with the upper face of the tie bar 376. At the time of 
forming the layered lead frame, the connection portion 34M and the tie bar 376 are joined by 
spot welding. However, joining of the two may be effected by a silicon or epoxy 
electroconductive adhesive agent, or an electroconductive material, such as solder or the like. 

[0155] The example shown in Fig. 37(B) is an example wherein connection is made 
through an electronic part 378. Li this case, the connection lead 32Ma formed on the upper 
lead frame is formed such that the connection portion 34Ma at the base side is positioned at 
the side of the tie bar 376. The connection portion 34Ma of the connection lead 32Ma and 
the tie bar 376 are electrically connected through the electrical part 378, such as a capacitor or 
a resistor or the like, 

[0156] Figs. 38(A)-38(B) illustrate a modification of the external electrodes formed 
on the lower face of the package 20 of the piezoelectric resonator 10. The external 
electrodes 24 are usually formed in a generally rectangular or square shape, and formed such 
that two sides adjacent across the castellation agree with the sides of the package 20, as 
shown in Fig 38(A). However, an arrangement may be made as with the extemal 
electrode 24 A shown in (B) of the figure, wherein the two sides adjacent across the 
castellation are distanced from the sides of the package 20. In the event that there is concern 
of the wires 62 electrically connecting the IC 60 and the lead frame coming into contact with 
the lower face of the package 20, a notch 380 may be formed to give an L-shape as indicated 
by the extemal terminal 24B in the figure. Forming the notch 380, as indicated by the 
extemal terminal 24B, allows the area where the wire 62 can come into contact with the 
package 20 to be enlarged, thereby increasing the degree of freedom in design of the 
piezoelectric oscillator. 

[0157] Figs. 39A-39(B) illustrate a modification of the adjustment terminals. The 
adjustment terminals 54N shown in Fig. 39(A) have a wide portion 382 at the tip portion. As 
the size of piezoelectric oscillators are reduced, the width of the adjustment terminals is 
reduced as well. Accordingly, bringing probes of measuring devices and the like into contact 
with the adjustment terminals has become difficult. Accordingly, the adjustment 
terminal 54N has a wide portion 382 at the tip portion thereof provided. Thus, the probe of 
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the measurement device can be readily brought into contact therewith, so property adjustment 
and inspection can be performed easily and speedily. Also, the adjustment terminals 54P 
shown in Fig. 39(B) have a wide portion 384 provided to each adjustment terminal 54P, and 
also the position of the wide portions 384 of the adjacent adjustment terminals 54P are offset 
in the longitudinal direction of the adjustment terminals. Accordingly, wide portions 384 
with a relatively great width can be formed even in the event that the pitch between the 
adjustment terminals is small. 

[0158] Now, with the above exemplary embodiments, the space to place the wire 62 
to electrically connect the IC 60 and the lead frame has been formed by bending the leads of 
the lead frame. For example, as shown in Fig. 40(A), with the piezoelectric oscillator IE 
according to the fifth exemplary embodiment, space to place the wires 62 is secured by 
bending the connection leads 32E of the upper lead frame 30E upwards. Note that a part of 
the external electrodes 24 formed on the lower face of the package 20 of the piezoelectric 
resonator 10 is electrically connected to an electrode formed on the piezoelectric resonator 
element 12 via a wiring pattern 386 through the side face of the package 20 or a wiring 
pattern through a via hole 388. 

[0159] However, the space to place the wires 62 may be formed as with the 
thirteenth exemplary embodiment shown in Fig, 40(B). The piezoelectric oscillator IQ 
according to this thirteenth exemplary embodiment has the upper lead frame 30L of the 
layered lead frame 50Q formed of plate-shaped connection terminals 36L alone. A 
base 3 90 A of a resonator package 390 making up the piezoelectric resonator 10 is formed of 
ceramic, with a spacer portion 390C on the perimeter of the lower face of a bottom 
portion 390B. Accordingly, the resonator package 390 has a recess 392 to position the 
wires 62 below the bottom portion 390B formed. The spacer portion 390C may be provided 
on just two opposing sides of the resonator package 390, or on the four comers in a pillar 
shape. 

[0160] External electrodes 24Q joined to the connection electrodes 36L are formed 
on the lower face of the spacer portion 390C. The external electrodes 24Q are electrically 
connected to electrodes formed on the piezoelectric resonator element 12 via a wiring 
pattern 394 through the side face of the resonator package 390 or via a wiring pattem through 
a via hole 396. 

[0161] Fig. 41 is a cross-sectional schematic of a fourteenth exemplary 
embodiment. The piezoelectric oscillator IR according to this fourteenth exemplary 
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embodiment has a so-called metal package wherein the base 400 of the piezoelectric 
resonator lOR is formed of metal. Terminal holes are formed on the bottom of the base 400, 
and terminal members 402 pass through the terminal holes. Extemal terminals (extemal 
electrodes) 404 are formed on the bottom portion of the terminal members 402, and the 
extemal terminals 404 join to the connection terminals 36E of the upper lead frame 30E. 
Also, with the terminal members 402, the intermediate portion in the vertical direction is 
supported by the bottom portion of the base 400 through an insulating member 406, such as 
borosilicate glass or the like. The tops of the terminal members 402 protmde into the 
base 400, and are electrically connected to electrodes provided on the piezoelectric resonator 
element 12, through an electroconductive adhesive material 13. With the piezoelectric 
oscillator IR thus formed, the base 400 is formed of metal, so high air-tightness can be 
obtained even if formed thin, and the size and thickness of the resonator package can be 
reduced. Accordingly, the piezoelectric oscillator IR can be further reduced in size and 
thickness. 

[0162] Fig. 42 is a cross-sectional view of a fifteenth exemplary embodiment. The 
piezoelectric oscillator IS according to the fifteenth exemplary embodiment has the 
piezoelectric resonator lOS mounted on the layered lead fi-ame 50Q. With the piezoelectric 
resonator lOS, terminal members 410 passing through the bottom portion of the metal 
base 400 are formed in a pillar-like shape. The pillar-shaped terminal members 410 have a 
larger length of protrusion from the lower face of the base 400, forming a displacement space 
for the wires 62 between the upper lead frame 30L and the lower face of the base 400. Also, 
the terminal members 410 are joined at the lower end thereof to connection terminals 36L of 
the upper lead frame 30 via electroconductive material. 

[0163] Figs. 43(A)-43(D) are explanatory schematics of a sixteenth exemplary 
embodiment. The piezoelectric oscillator IT shown in Fig. 43(A) has two recesses 420 and 
422 at diagonally opposite positions on the upper face of the resin package 70. The 
recesses 420 and 422 are formed by extmsive ejector pins (not shown) to separate the molded 
resin package 70 from the mold. One of these recesses 420 and 422, the face of the 
recess 420 for exeimple, is formed to a mirror surface, while the face of the other recess 422 is 
formed to a coarse surface, such that the reflectivity of light differs between the two. 
Accordingly, the recess 420 can be used as an indicator to confirm the direction. That is to 
say, in the event of mounting the piezoelectric oscillator IT on a mounting board, this is 
performed automatically with an image processing device confirming the direction of 
mounting. Accordingly, recognition of the recess 420 can be facilitated for image processing 
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by forming the face of the recess 420 to a mirror surface and increasing the reflectivity of 
light, which can be used for an indicator to confirm the direction, thereby making the 
direction of mounting the piezoelectric oscillator IT constant in an easy and sure manner. 

[0164] Note that the shape of the recesses 420 and 422 may be cylindrical as shown 
in Fig. 43(B), or so as to form part of a spherical face as shown in (C) in the figure. Further, 
the recess 420 and 422 may be formed such that the upper face of the lid 28 is exposed as 
shown in Fig. 43(D). Also, the recess 420 and recess 422 may have shapes different firom 
each other. The number of recess to be formed on the upper face of the resin package 70 may 
be three or more. 

[0165] Fig. 44 is a schematic configuration of a digital cellular telephone device, 
illustrated as an example of an electronic device using the piezoelectric oscillator according to 
the above-described exemplary embodiments of the present invention. In Fig. 44, the digital 
cellular telephone device 300 has a microphone 308 to convert the voice of the originator into 
electric signals. The electric signals fi-om the microphone 308 are subjected to digital 
modulation at a demodulator and CODEC unit 312, subjected to firequency conversion to RF 
(Radio Frequency) band at a transmission unit 307, and then sent to an antenna 3 16 via a 
switch unit 314, and transmitted fi-om the antenna 316 to a base station (not shown). The RF 
signals from the base station are received by the antenna 316, and then input to a reception 
unit 306 through the switch unit 314 and a filter and amplifier unit 318, and subjected to 
frequency conversion at the reception unit 306. The received signals subjected to frequency 
conversion are converted into audio signals at the demodulator and CODEC unit 312, and 
output from a speaker 309. 

[0166] Switching of the switch unit 314 is controlled by a CPU (Central Processing 
Unit) 301, and connects the antenna 316 to the reception unit 306 at normal times and 
connects the antenna 3 16 to the transmission unit 307 when transmitting. Also, the CPU 301 
controls the operations of the entire digital cellular telephone device 300, including an 
input/output unit 302 including a Uquid crystal display device (display unit) and keyboard, 
and memory 303. The memory 303 is information storage device formed of RAM (Random 
Access Memory) and ROM (Read Only Memory), wherein is stored information, such a 
control programs for the digital cellular telephone device 300 and telephone books and the 
like. 

[0167] An example of an application of a piezoelectric oscillator according to an 
exemplary embodiment of the present invention is a TCXO (Temperature Compensated 
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Crystal Oscillator) 305. This TCXO 305 is a piezoelectric oscillator wherein frequency 
change due to ambient temperature change is small, and is widely used as a frequency 
reference source for the reception units 306 and transmission units 307. Demand for 
reduction in size of the TCXO 305 has increased along with the reduction in size of cellular 
telephone devices in recent years, and the reduction in size of the piezoelectric oscillator 
according to the exemplary embodiments of the present invention is extremely advantageous. 
Also, the piezoelectric oscillator according to the exemplary embodiments of the present 
invention can be applied to a real-time clock 310 to provide date-and-time information to a 
cellular telephone device including a CPU 301, for example. 

[0168] The piezoelectric oscillator according to the exemplary embodiments of the 
present invention is not restricted to the above digital cellular telephone device 300, and can 
be applied to, for example, electronic devices which obtain control clock signals from 
piezoelectric oscillators, such as personal computers, workstations, PDAs (Personal Digital 
[Data] Assistants: portable information terminals), and the like. 

[0169] In this way, using the piezoelectric oscillator according to the above- 
described exemplary embodiments allows electronic devices which are smaller in size and 
have high reliability to be realized. 



